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FUEL INJECTOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. application 
Ser. No. 11/247,907, entitled “Fuel Injector and Method of 
Manufacturing the Same,” and ?led Oct. 11, 2005, the entire 
disclosure of Which is hereby expressly incorporated by ref 
erence. 

BACKGROUND OF THE DISCLOSURE 

[0002] 1. Field ofthe Disclosure 
[0003] The disclosure relates to a fuel injector and a method 
of manufacturing the same. More speci?cally, the disclosure 
relates to a fuel injector made of a glass substrate and a 
method of manufacturing the same. 
[0004] 2. Brief Description of Related Technology 
[0005] A fuel injector is a device to inject fuels either 
directly or indirectly into a combustion chamber. Fuel e?i 
ciency of internal combustion engines is improved and there 
is reduction of undesirable engine emissions (toxic emis 
sion), using a fuel injector, as the fuel is atomiZed (very small 
drops) as it enters or prior to entering the cylinder(s). 
[0006] There are many fuel injectors or such devices avail 
able to inject fuels into a combustion chamber. There are fuel 
injectors available that have a noZZle With apertures that is 
made of metal. HoWever, the holes of the noZZle have straight 
or slightly tapered injection holes With diameter equal or 
greater to 50-microns because of manufacturing limitations. 
On the other hand, there are feW fuel injectors or devices 
available With holes smaller than 50-microns diameter. 
Smaller siZe of the injection holes Which is less than 50-mi 
crons enables to improve the atomiZation and the fuel distri 
bution process. Also, there is no fuel injector With holes that 
are substantially shaped to optimiZe atomiZation and fuel mist 
distribution. 

SUMMARY OF THE DISCLOSURE 

[0007] The disclosure relates to a fuel injector and a method 
of manufacturing the same. The manufacturing process 
enables creating the holes of the noZZle of the fuel injector 
that are less than 100-microns diameter. It also does not create 
micro-cracks in the glass substrate. It may further eliminate 
pre-existing micro-cracks. It also enables the apparatus to 
improve fuel ef?ciency of internal combustion engines, the 
fuel being atomiZed (e.g., very small drops) as it enters or 
prior to entering the cylinder(s). 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0008] For a more complete understanding of the disclo 
sure, reference should be made to the folloWing detailed 
description and accompanying draWing ?gures, in Which like 
reference numerals identify like elements in the ?gures, and 
in Which: 
[0009] FIG. 1 illustrates a How diagram depicting a method 
for manufacturing a fuel injector, in accordance With an 
embodiment of the present invention. 
[0010] FIG. 2 illustrates a How diagram depicting a method 
for de?ning a shape of an injection hole in a fuel injector, in 
accordance With another embodiment of the present inven 
tion. 
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[0011] FIG. 3 is a schematic diagram of the manufacturing 
process, in accordance With an embodiment of the invention. 
[0012] FIG. 4 is a schematic diagram of the manufacturing 
process, in accordance With another embodiment of the 
invention. 
[0013] FIG. 5 is a schematic diagram of the manufacturing 
of complex three-dimensional shape, in accordance With an 
embodiment of the invention. 
[0014] FIG. 6 is a schematic diagram of the apparatus dem 
onstrating a fuel injector made of a glass substrate, in accor 
dance With an embodiment of the invention. 
[0015] While the disclosed devices are susceptible of 
embodiments in various forms, there are illustrated in the 
draWing (and Will hereafter be described) speci?c embodi 
ments of the invention, With the understanding that the dis 
closure is intended to be illustrative, and is not intended to 
limit the invention to the speci?c embodiments described and 
illustrated herein. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

[0016] The present invention may be embodied in several 
forms and manners. The description provided beloW and the 
draWings shoW exemplary embodiments of the invention. 
Those of skill in the art Will appreciate that the invention may 
be embodied in other forms and manners not shoWn beloW. 
The invention shall have the full scope of the claims and is not 
to be limited by the embodiments shoWn beloW. 
[0017] In this document, relational terms such as “?rst” and 
“second”, “top” and “bottom”, and the like may be used 
solely to distinguish one entity or action from another entity 
or action Without necessarily requiring or implying any actual 
such relationship or order betWeen such entities or actions. 
The terms “comprises,” “comprising,” or any other variation 
thereof, are intended to cover a non-exclusive inclusion, such 
that a process, method, article, or apparatus that comprises a 
list of elements does not include only those elements but may 
include other elements not expressly listed or inherent to such 
process, method, article, or apparatus. An element proceeded 
by “comprises . . . a” does not, Without more constraints, 
preclude the existence of additional identical elements in the 
process, method, article, or apparatus that comprises the ele 
ment. 

[0018] The invention relates to a fuel injector and a method 
of manufacturing the fuel injector. Pursuant to the various 
embodiments, the invention pertains to the fuel injector made 
of a glass substrate and the method of manufacturing the 
same. A feW examples of such glass substrate can be a fused 
silica, a fused quartz, any oxide glass (B.sub.20.sub.3, SiO. 
sub.2, GeO2, P.sub.20.sub.5, As.sub.20.sub.3, Sb.sub.20. 
sub.3, etc.) or mixture of oxide glass; or any chalcogenides or 
halides glass, etc. 
[0019] Referring noW to the draWings, and in particular 
FIG. 1, a How diagram depicting a method for manufacturing 
a fuel injector made of a glass substrate in accordance With an 
embodiment of the present invention. As stated earlier a feW 
examples of such glass substrate can be fused silica, a fused 
quar‘tZ, any oxide glass (B.sub.20.sub.3, SiO.sub.2, GeO.sub. 
2, P.sub.20.sub.5, As.sub.20.sub.3, Sb.sub.20.sub.3, etc.) or 
mixture of oxide glass; or any chalcogenides or halides glass, 
etc. The manufacturing method comprises machining the 
glass substrate of a predetermined thickness. At step 105, the 
method comprises de?ning a shape of at least one injection 
hole in a glass substrate to obtain at least one outlined injec 
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tion hole. In an embodiment of the invention the step 105 of 
de?ning the shape of the at least one injection hole in the glass 
substrate to obtain the at least one outlined injection hole can 
be enabled using a laser. At step 110, the method comprises 
etching the at least one outlined injection hole to provide the 
at least one injection hole. The etching step 110, further 
comprises treating the outlined injection hole With an acid 
solution. The acid solution comprises hydro?uoric acid, or 
combination of acids including among other components 
hydro?uoric acid. The hydro?uoric acid etches preferentially 
the regions that have been laser exposed, therefore creating 
the desired injection hole. 
[0020] Referring noW to FIG. 2, a ?oW diagram depicting a 
method for de?ning a shape of an injection hole in a fuel 
injector, is in accordance With another embodiment of the 
present invention. The method elaborates the step of de?ning 
the shape of the at least one injection hole in a glass substrate. 
The de?ning step comprises at step 205, outlining the shape 
of the at least one injection. The outlining step further com 
prises outlining at least one additional surface beyond a 
boundary of the at least one injection hole, Wherein the at least 
one additional surface is of a complex three-dimensional 
piece. The outlining step is enabled using a laser. The laser 
used in the outlining step 205, can be one of a many of 
possible choices among ultrafast lasers generating ultrashort 
pulses. The laser must operate at a Wavelength Where the glass 
substrate is transparent, i.e. the glass must have no or very 
little linear absorption (one-photon absorption) at the laser 
Wavelength. Furthermore, the laser pulses must be su?i 
ciently intense to deposit energy into the glass through non 
linear absorption (multiphoton absorption) at the point of 
interest (typically the focal spot). Several holes can be out 
lined on the same glass substrate piece. 
[0021] The de?ning step further comprises at step 210 ?ll 
ing in the shape of the at least one injection hole. The ?lling 
in step comprises de?ning a full volume of the injection hole, 
rather than just the outside surfaces of the injection hole. 
Those of skill in the art Will appreciate that the present inven 
tion can be embodied in various forms. 
[0022] FIG. 3 is a schematic diagram 300 of the manufac 
turing process, in accordance With an embodiment of the 
invention. A block 305 comprising, a laser outlining process 
using a laser 310, Whereby an outline 315 gets created on the 
glass substrate. A block 320 comprises, a resulting etched 
volume 325 in a glass substrate that is generated after the 
outlined injection hole is treated With a hydro?uoric acid 
solution. 
[0023] A schematic diagram 400 of the manufacturing pro 
cess, in accordance With another embodiment of the invention 
is shoWn in FIG. 4. The ?gure is an illustration of the manu 
facturing process for a complex 3D glass substrate piece. A 
block 405 comprises, a laser outlining process using a laser 
410, Whereby an outline 415 gets created on the glass sub 
strate. A block 420 comprises, a resulting etched volume in a 
glass substrate that is generated after the outlined injection 
hole is treated With a hydro?uoric acid solution. The etched 
volume in the complex 3D glass substrate piece can be 
divided in tWo parts 425 and 430 as shoWn in block 420 before 
being extracted. The division is obtained by outlining With the 
laser a surface that is etched aWay, thus providing the diving 
surface that is required to extract parts 425 and 430. 
[0024] FIG. 5 is a schematic diagram 500 of the manufac 
turing of complex three-dimensional shape, in accordance 
With an embodiment of the invention. The schematic diagram 
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depicts a laser outlining process using a laser 505, Whereby 
one can form a plurality of injection holes that are combined 

in group With various relative orientation such as a tree 

shaped created on the glass substrate as depicted by 510, 515 
and 520. The plurality of inj ection holes that are combined in 
group With various relative orientation can be a plurality of 

tWisted or helical holes, a plurality of venturi-shaped holes, a 
plurality of hour-glass shaped holes, a plurality of large holes 
With various types of internal baf?es, etc. 

[0025] FIG. 6 is a schematic diagram 600 of a fuel injector 
made of a glass substrate, in accordance With an embodiment 
of the invention. Fuel injector 600 comprises a glass substrate 
605 and a noZZle 610 enclosed Within glass substrate 605. 
NoZZle 610 comprises at least one injection hole. Glass sub 
strate 605 comprises one of a fused silica component, a glass, 
and a fused quartz. Fuel injector 600 further comprises a 
plurality of optical Wave-guides 615. Plurality of optical 
Wave-guides 615 enable determination of atomiZation prop 
erties of a fuel spray. Fuel injector 600 further comprises at 
least one light source 620 coupled With glass substrate 605 to 
emit an optical signal. Fuel injector 600 also comprises at 
least one photodetector or an optical detector 625 coupled 
With glass substrate 605 to detect the optical signal. Plurality 
of optical Wave-guides 615 is enabled to guide the optical 
signal from light source 620 via ?ber 630 to a fuel spray and 
control the optical signal. Fuel injector 600 additionally com 
prises a ?ber 630. Fiber 630 carries light from light source 
620 to plurality of optical Wave-guides 615 and then back to 
photodetector 625. This alloWs the photodetector 625 and 
light source 620 to be kept aWay from the destructive heat of 
the engine. 
[0026] The present invention alloWs fabrication of complex 
three-dimensional shaped injection holes that enables an opti 
mal atomiZation, an optimal fuel distribution Within a cylin 
der, and a minimum fuel cavitation. Since the fuel injector is 
made of a glass substrate it removes any manufacturing com 
plexities involved and alloWs for the direct optical observa 
tion of the combustion chamber, fuel-burning processes, 
measurement of the speed of the spray and the atomiZation 
process and direct observation of noZZle Wear. 

[0027] The fuel injector noZZle is compatible With all fuels 
and fuel additives. The process used to manufacture the fuel 
injector is such that it does not create micro-crack in the glass 
substrate and as a result enables high material strength. For 
example the elastic limit can be greater than 2 GPa. It may 
also eliminate pre-existing micro-cracks in the glass sub 
strate. This results in a considerable increase in the ultimate 
elastic limit of the glass substrate. 

[0028] While the present invention has been described With 
reference to speci?c examples, Which are intended to be illus 
trative only and not to be limiting of the invention, it Will be 
apparent to those of ordinary skill in the art that changes, 
additions and/ or deletions may be made to the disclosed 
embodiments Without departing from the spirit and scope of 
the invention. 

[0029] The foregoing description is given for cleamess of 
understanding only, and no unnecessary limitations should be 
understood therefrom, as modi?cations Within the scope of 
the invention may be apparent to those having ordinary skill 
in the art. 
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What is claimed is: 
1. A fuel injector, comprising: 
a glass substrate; and 
a nozzle enclosed Within the glass substrate, Wherein the 

nozzle comprises at least one injection hole. 
2. The fuel injector of claim 1, Wherein the at least one 

injection hole is shaped to enable an optimal atomization, an 
optimal fuel distribution Within a cylinder, and a minimum 
fuel cavitation. 

3. The fuel injector of claim 1, Wherein the glass substrate 
comprises one of a fused silica-component, a glass, and a 
fused quartz. 

4. The fuel injector of claim 1, further comprising a plu 
rality of optical Wave-guides, the plurality of optical Wave 
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guides being enabled to determine atomization properties of 
a fuel spray, and an amount of fuel injected. 

5. The fuel injector of claim 1, further comprising: 
at least one light source coupled With the glass substrate to 

emit an optical signal; and 
at least one optical detector coupled With the glass sub 

strate to detect the optical signal. 
6. The fuel injector of claim 1, Wherein the plurality of 

optical Wave-guides is enabled to guide the optical signal 
from the light source to a fuel spray and, control the optical 
signal. 


